Introduction {#S0001}
============

Primary sarcomatoid carcinoma of the lung (PSC) is an unusual subtype of non-small cell lung cancer, representing only 0.1% to 0.4% of lung cancer.[@CIT0001] In accordance with the latest World Health Organization classification of lung cancer, PSC is a rare subtype of non-small cell lung cancer with poor histological differentiation. It contains sarcoma or sarcoma-like components, with spindle cell carcinoma or giant cell carcinoma, and pleomorphic carcinoma.[@CIT0002] Its outcome is significantly worse than other subtypes of non-small cell lung cancer.[@CIT0003] Its rarity means that there has been little research on sarcomatoid carcinoma. It is imperative to find diagnostic or prognostic biomarkers and to identify potential therapeutic targets for PSC.

Histone covalent modifications consist of acetylation, phosphorylation, methylation, and ubiquitination.[@CIT0004],[@CIT0005] The most common modifications are acetylation and methylation, which play vital roles in differentiation and disease.[@CIT0006] These modified histones can directly or indirectly recruit transcription factors to specific chromatin regions, thus leading to a change in the chromatin structure and function, which further lead to gene expression or repression. Histone methylation and demethylation are catalyzed by special enzymes, such as peptidyl arginine deiminase 4 (PADI4), lysine-specific demethylase 1 (LSD1), and Jumonji C (JmjC) domain.[@CIT0007]--[@CIT0009] Jumonji domain-containing protein D3 (JMJD3), also known as lysine-specific demethylase 6B (KDM6B), is a member of JmjC family. JMJD3 and UTX (ubiquitously transcribed X-chromosome tetratricopeptide repeat protein) demethylate H3K27.[@CIT0010] JMJD3 and UTX specifically decrease H3K27 dimethylation (H3K27me2) and H3K27 trimethylation (H3K27me3): H3K27m3 is associated with an inactive gene while H3K27m is associated with an active gene.[@CIT0011],[@CIT0012] JMJD3 plays an important role in differentiation, inflammation, and cancer: overexpression of JMJD3 was found in liver cancer, multiple myeloma, and colorectal cancer.[@CIT0013]--[@CIT0015] These findings suggested that JMJD3 may be a new biomarker for cancer prognosis or could serve as a therapeutic target. However, there has been no study of the association of JMJD3 with lung cancer, especially PSC. In the present study, we investigated the expression of JMJD3 in PSC and the relationship between JMJD3 and the prognosis of PSC.

Methods {#S0002}
=======

Ethics Statement {#S0002-S2001}
----------------

This research was authorized by the ethical committee of the Sun Yat-sen University Cancer Center. Informed consent (written or verbal) was waived by the ethics committee. All the specimens analyzed were anonymized.

Patients And Tissue Specimens {#S0002-S2002}
-----------------------------

In our research, a total of 96 patients diagnosed with primary sarcomatoid carcinomas at our institution between February 2000 and December 2015 were enrolled in this study. Patients were included if they underwent surgery and had pathologically confirmed primary sarcomatoid carcinomas. The diagnosis was determined according to the morphology of HE staining and subsequent biomarkers IHC analysis. The diagnosis of PSC was further reviewed by two independent pathologists with consistency according to the 2015 WHO classification of lung tumor,[@CIT0002] and the differential diagnosis from sarcomatoid mesothelioma was mainly made by the biomarkers of CK5/6, D2-40, calretinin, and WT1 based on the WHO guideline.[@CIT0016] Patients were excluded if (1) they were diagnosed with primary sarcomatoid carcinomas with other malignancies; (2) they received radiation or chemotherapy before surgery; (3) the clinical and pathological characteristics of the patients could not be assessed. The data were obtained from the medical records, pathology reports, and hospital follow-up records. Patients without full follow-up information or who died for other reasons were excluded. The TNM stage of PSC was based on the 7th edition of the American Joint Committee on Cancer (AJCC) staging system. The study included 83 men and 13 women. Among the patients, 56% were diagnosed at stage III or IV, and the others were at early stages I and II. All the clinicopathological parameters are shown in [Table 1](#T0001){ref-type="table"}. The tissue microarray (TAM) was built according to a previously described method.[@CIT0017]Table 1Correlation Between The Clinicopathologic Variables And JMJD3 In LSCVariableJMJD3 ExpressionAll CasesLowHigh*P* value^a^Age (years)^b^0.486 ≤ 574526 (57.8%)19 (42.2%) \> 575133 (64.7%)18 (35.3%)Gender0.218 Male8349 (59.0%)34 (41.0%) Female1310 (76.9%)3 (23.1%)Tumor size^c^0.022 ≤ 4.55841 (70.7%)17 (29.3%) \> 4.53818 (47.4%)20 (52.6%)Smoking0.716 Yes7245 (62.5%)27 (37.5%) No2414 (58.3%)10 (41.7%)pT stage0.937 T1+T25433 (61.1%)21 (38.9%) T3+T44226 (61.9%)16 (38.1%)pN stage0.006 N04836 (75.0%)12 (25.0%) N1+N2+N34823 (47.9%)25 (52.1%)pM stage0.146 M08856 (63.6%)32 (36.4%) M183 (37.5%)5 (62.5%)Clinical stage0.009 I-II4232 (76.2%)10 (23.8%) III-IV5427 (50.0%)27 (50.0%)Therapy^d^0.250 Therapy17348 (65.8%)25 (34.2%) Therapy2188 (44.4%)10 (55.6%) Therapy353 (60.0%)2 (40.0%)Relapse0.270 Yes3016 (53.3%)14 (46.7%) No6643 (65.2%)23 (34.8%)[^2]

Immunohistochemistry (IHC) {#S0002-S2003}
--------------------------

We performed IHC for JMJD3 in the PSC samples using the standard EnVision procedure.[@CIT0017] The TMA was deparaffinized in xylene and then rehydrated in a graded series of alcohol. The slides were then immersed in 3% hydrogen peroxide for 15 mins to block endogenous peroxidase activity, and then pressure cooked in EDTA buffer (pH = 8.0) for 2.5 mins to retrieve the antigen. Subsequently, the slides were incubated in 3.5% bovine serum albumin (BSA) for 10 mins to block nonspecific binding. Subsequently, the slides were incubated with rabbit anti-JMJD3 polyclonal antibodies (Abcam38113, 1:300 dilution) overnight at 4°C in a moist chamber. A secondary antibody (Envision, Dako, K5007) was then incubated with the slides for 30 mins at 37°C, and 3,3-diaminobenzidine (DAB) was used as the chromogenic substrate. Nuclear counterstaining was performed with Mayer's hematoxylin. Finally, the sections were mounted with a cover glass and air-dried in a fumigation hood. Normal rabbit IgG was used as the negative control.

IHC Evaluation {#S0002-S2004}
--------------

The protein expression of JMJD3 in PSC was evaluated under a microscope by two independent pathologists who were blinded to the clinicopathological parameters. If the two evaluations of one sample were different, a third pathologist would participate to determine the final evaluation. The detailed evaluation was operated according to a previously described method.[@CIT0018] JMJD3 was mainly observed in the nucleus, and the positively stained cells were brown or yellow. The stain intensity was described as 0, negative; 1, weak; 2, moderate; and 3, strong. The percentage of positively stained cells was evaluated in 5% increments from 0% to 100%. The final score was obtained by evaluating the percent of positive cells and the positive cell intensity and then multiplying them together (score of 0--300).

Statistical Analysis {#S0002-S2005}
--------------------

We carried out the statistical analysis using SPSS software (version 21.0, SPSS, Chicago, IL, USA). A two-tailed *p* value of \<0.05 was considered to statistically significant in all cases. The cut-off point of JMJD3 expression in PSC was determined using receiver operating characteristic (ROC) analysis. The relationship between JMJD3 and patients with PSC clinicopathological parameters was assessed using the Chi-squared test. Univariate analysis was performed using the Kaplan--Meier method. Cox-proportional hazards regression analysis was employed to identify the independent prognostic factors. All data in this research were uploaded to Research Data Deposit public platform ([[www.researchdata.org.cn](http://www.researchdata.org.cn)]{.ul}) of Sun Yat-sen University Cancer Center for future reference (No. RDDB2019000670).

Results {#S0003}
=======

JMJD3 Expression In Sarcomatoid Carcinoma Of The Lung {#S0003-S2001}
-----------------------------------------------------

According to the IHC results, JMJD3 was primarily located in the nuclei in PSC. The detailed expression is shown in [Figure 1A](#F0001){ref-type="fig"}--[D](#F0001){ref-type="fig"}.Figure 1(**A--D**) Expression of JMJD3 in PSC. (**A**) Negative expression; (**B**) Low expression; (**C**) Moderate expression; (**D**) Strong expression. (**E--J**) ROC curve analysis for JMJD3 expression in NPC. (**E**) Survival status; (**F**) Clinical stage; (**G**) Relapse; (**H**) pN stage; (**I**) pM stage; (**J**) Tumor size.

Cut-Off Point For JMJD3 Expression {#S0003-S2002}
----------------------------------

We carried out ROC curve analysis to determine the cut-off point for JMJD3. The value with the highest value of specificity plus sensitivity was selected as the cut-off value.[@CIT0019] Therefore, we chose the survival status as a state variable. The result of ROC curve analysis showed that the cut-off point for JMJD3 status in PSC was 190. The details of the ROC curve analysis are shown in [Figure 1E](#F0001){ref-type="fig"}--[J](#F0001){ref-type="fig"}.

Association Of JMJD3 With PSC Clinicopathological Features {#S0003-S2003}
----------------------------------------------------------

Chi-square analysis of the IHC results showed that JMJD3 correlated with tumor size (*P* = 0.022), pN stage (*P* = 0.006), and clinical stage (*P* = 0.009); however, there was no significant correlation between JMJD3 and the other clinicopathological features, such as patient age, gender, smoking, tumor stage, pM stage, and relapse. The details are shown in [Table 1](#T0001){ref-type="table"}.

Relationship Between The Clinicopathological Characteristics, JMJD3 Expression, And Patient Survival {#S0003-S2004}
----------------------------------------------------------------------------------------------------

To identify the prognostic utility of JMJD3 in PSC, after median follow-up time of 17.5 months and 52 deaths, and we analyzed the effect of the clinicopathological characteristics on the survival of PSC. The statistical analysis showed that tumor size (*P* = 0.020), pT stage (*P* = 0.037), pN stage (*P* = 0.000), pM stage (*P* = 0.001), clinical stage (*P* = 0.000), and JMJD3 (*P* = 0.000) had a significant effect on the survival of patients with PSC ([Table 2](#T0002){ref-type="table"}). The overall survival (OS) and disease-free survival (DFS) in patients with low JMJD3 and high JMJD3 levels were significantly different. Kaplan--Meier survival analysis showed that the mean survival time of the patients with low JMJD3 was significantly longer than that of the patients with high JMJD3 (60.0 months vs 11.1 months, *P* = 0.000; [Table 3](#T0003){ref-type="table"}). Among the 96 patients, those with low JMJD3 levels had a 3-year mean survival rate of 61.0%, whereas patients with high JMJD3 had a 3-year mean survival rate of 6.0%; the five-year survival rates in patients with low JMJD3 and high JMJD3 were 56.0% and 0.0%, respectively ([Table 3](#T0003){ref-type="table"}).Table 2Univariate Analysis Of Clinicopathologic Variables In 96 Patients With LSC (Log Rank test)VariableAll CasesMean Survival (Months)Median Survival (Months)*P* value^a^Age (years)^b^0.530 ≤ 574547.931.0 \> 575154.818.0Gender0.377 Female1338.941.0 Male8354.924.0Smoking0.104 Yes7259.531.0 No2425.414.0Tumor size^c^0.020 ≤ 4.5cm5865.648.0 \> 4.5cm3836.013.0pT stage0.037 T1+T25462.943.0 T3+T44243.814.0pN stage0.000 N04875.3NR N1+N2+N34833.014.0pM stage0.001 M08859.931.0 M1812.18.0Therapy^d^0.092 Therapy17362.643.0 Therapy21826.915.0 Therapy3519.024.0Relapse0.647 Yes3035.024.0 No6657.641.0Clinical stage0.000 I-II4292.6NR III-IV5420.011.0JMJD30.000 Low expression5982.9NR High expression3714.711.0[^3] Table 3The Expression Of JMJD3 For Three-Year Survival Rate And Five-Year Survival RateJMJD3 ExpressionMedian Survival Time (Months)Three-Year Survival Rate (%)Five-Year Survival Rate (%)Low60.061.056.0High11.16.00.0

To explore the exact influence of JMJD3 on PSC, we analyzed the survival of patients with different JMJD3 levels in different stages. The results revealed that JMJD3 was a prognostic factor in patients with stage I--II (*P* = 0.000), stage III--IV *(P* = 0.012), T1+T2 (*P* = 0.000), T3+T4 (*P* = 0.002), N (-) (*P* = 0.000) and N (+) (*P* = 0.000). The details are shown in [Figure 2](#F0002){ref-type="fig"}.Figure 2Survival analysis of JMJD3 in PSC patients. Clinical stage I--II (**A**) Clinical stage III--IV (**B**), T1+T2 (**C**), T3+T4 (**D**), N(−) (**E**), N(+) (**F**). The disease-free survival of all the patients (**G**) and the overall survival (**H**).

Independent Prognostic Factors Of PSC: Multivariate Cox Regression Analysis {#S0003-S2005}
---------------------------------------------------------------------------

The factors that had a significant influence in the univariate analysis were analyzed by Cox regression analysis. The results showed that a low level of JMJD3 was an independent prognostic factor associated with good overall survival (hazard ration (HR): 3.482; 95% confidence interval (CI): 1.858--6.525, P = 0.000; [Table 4](#T0004){ref-type="table"}). Meanwhile, we also found that clinical stage (*P* = 0.000) was an independent prognostic factor for patients with PSC.Table 4Multivariate Analysis Of Different Prognostic Factors In 96 Patients With LSCVariableHazards Ratio95% CI*P* valueTumor size (\> 4.5cm vs ≤ 4.5cm)1.1800.668--2.0840.568Clinical stage (III-IV vs I-II)3.8811.891--7.9630.000JMJD3 (High vs Low)3.4821.858--6.5250.000

Discussion {#S0004}
==========

Lung cancer is the most common cancer worldwide.[@CIT0020] Research into lung cancer has made considerable achievements; however, there has been little study of PSC, a rare subtype of lung cancer. Most cases of advanced NSCLC receive the same chemotherapy without consideration of their histological subtype.[@CIT0021] However, scientists are becoming increasingly aware that precise molecular biomarkers are required to identify accurately the subtype of PSC, rather than simply classifying them histologically and delivering the same therapy regimen.[@CIT0022] Thus, there is an urgent need for prognostic molecular biomarkers that can predict tumor recurrence.

Histone methylation plays a vital role in the regulation of gene transcription, cell cycle, and differentiation, and its dysfunction is closely related to tumorigenesis.[@CIT0023],[@CIT0024] Histone demethylases can distinguish the site and methylation state of histones and display particular activities.[@CIT0025] The JmjC domain-containing JMJD3 is an H3K27-specific demethylase that can demethylate H3K27me2/3.[@CIT0011]

In the present study, we estimated the protein level of JMJD3 in 96 primary sarcomatoid carcinomas of the lung using IHC. Chi-squared analysis revealed a significant correlation between JMJD3 expression and tumor size, lymph node, and clinical stage. Univariate Kaplan--Meier analysis indicated that the JMJD3 protein level had a significant effect on patient survival. Cox multivariate analysis showed that JMJD3 was an independent prognostic factor for PSC. Taken together, our results revealed that the JMJD3 protein level is a reliable biomarker for the prognosis of PSC.

JMJD3 can act via NF-κB and BMP signaling in melanoma to promote clonogenicity, self-renewal, and transendothelial migration.[@CIT0026] In liver cancer, JMJD3 modulated H3K27me3 in the *SLUG* gene promoter, thereby inducing epithelial--mesenchymal transition (EMT), stemness, and metastasis.[@CIT0013] A recent study shows that JMJD3 was increased in NSCLC, the prognosis of patients with high expression of JMJD3 was significantly worse than that of low expression. JMJD3 might promote the invasion and migration of NSCLC by regulating EMT signaling pathway, all these studies support our results and give us a hint that maybe JMJD3 also plays as an oncogene by promoting tumor metastasis in PSC.[@CIT0027] JMJD3-mediated H3K27 methylation mutation could cause tumorigenesis; therefore, drugs or antibody targeting JMJD3 may represent a novel therapy for cancer. Pediatric brainstem gliomas often harbor an oncogenic K27M mutation of histone H3.3. GSKJ4, a pharmacological inhibitor of JMJD3, demonstrated potent antitumor efficacy by increasing cellular H3K27 methylation and is an effective therapeutic drug to treat K27M-expressing brainstem glioma,[@CIT0028] Ntziachristos observed the same phenomenon that GSKJ4 affects T-cell acute lymphoblastic leukemia (T-ALL) growth by targeting JMJD3 activity.[@CIT0029]

However, another study showed that JMJD3 could inhibit cell proliferation and was not a good predictor of poor prognosis in colorectal cancer.[@CIT0015] There is little knowledge of JMJD3's function in tumors, and it may influence the intersections of many pathways.[@CIT0030] Understanding the mechanism of JMJD3's activity in cancer or other diseases is difficult because JMJD3's target is H3K27, which is spread throughout the genome; therefore, the particular effect and mechanism of JMJD3 in cancer might vary. Besides, our study only included 96 cases of PSC, this is not a very big cohort, and thus our conclusion drawn from this study will be limited to be used extensively.

Conclusion {#S0005}
==========

In our study, we found that JMJD3 was overexpressed in PSC which was consistent with the previous researches about JMJD3 in other cancers. We proposed that JMJD3 could be used as a biomarker for prognosis in PSC.
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